We developed a practical and easy two-step multiplex PCR assay to help serotyping of 27
Text 32
Streptococcus suis is an important zoonotic pathogen that can cause meningitis, 33 septicemia, endocarditis, and other diseases in pigs and humans. S. suis strains have been classified 34 into 35 serotypes (serotypes 1-34 and 1/2 that reacts with both serotype 1 and 2 typing sera) (1-4) 35 on the basis of antigenic differences in their capsular polysaccharide (CP) (5). Serotyping of S. suis 36 is one of the most useful methods to understand the epidemiology of a particular outbreak and 37 monitor the prevalence of potentially hazardous strains. However, serotyping with all 35 typing 38 antisera is time-consuming, and preparing the antisera is not easy due to the high cost and labor 39 associated with its production. Additionally, cross-reactions in coagglutination tests with typing 40 antisera and the presence of auto-agglutinating strains increase the difficulty of serotyping in some 41 cases. Therefore, the development of more practical and easier serotyping methods is desired. 42 CP synthesis (cps) genes are clustered on a single locus of the chromosome in S. suis (6, 43 7). We recently sequenced and analyzed the cps gene clusters of all 35 serotype reference strains 44 (8) and reported that 31 (serotypes 3-13, 15-34) possessed serotype-specific genes, while the cps 45 gene clusters of serotypes 1 and 14 and serotypes 2 and 1/2 were almost identical in each pair (8). 46
Liu et al. (9) recently developed multiplex PCR assays to target serotype-specific cps genes for the 47 molecular serotyping of S. suis. The reference strains of 33 serotypes (serotypes 1-31, 33, and 1/2) 48 were sorted into their respective serotypes in their method by three multiplex PCR assays, 49 although serotypes 1 and 1/2 were not distinguished from serotypes 14 and 2, respectively (9). In 50 addition, 84 isolates from a patient and clinically healthy pigs, which covered 20 serotypes, were 51 correctly assigned serotypes predicted by coagglutination tests, except for those of a new serotype 52 (serotype 21/29) (9). However, these methods have not yet been validated using field isolates from 53 diseased pigs as well as non-typeable ones by the coagglutination test. Moreover, serotypes 32 and 54 34 were not included as targets for typing, because the reference strains of these serotypes have 55 been reclassified as Streptococcus orisratti (10). In addition to the serotype 32 and 34 reference 56 on August 30, 2017 by guest http://jcm.asm.org/ Downloaded from which specifically detects the glutamate dehydrogenase genes of S. suis strains, including the 82 reference strains of serotypes 20, 22, 26, and 32-34 (14). All isolates were also serotyped by 83 coagglutination tests in the reference laboratory (University of Montreal) as previously described 84
(15). 85
Our cps typing assigned all serotype reference strains including those of serotypes 32 86 and 34 to the expected cps types. However, serotypes 1 and 1/2 could not be distinguished from 87 serotypes 14 and 2, respectively, which is consistent with that observed with the reported 88 molecular serotyping method (9) (Fig. 1) . Although the developed methods accurately assigned 89 nearly all field isolates (341/357; 95.5%) to the cps types predicted from their serotypes, 16 of 90 them could not be typed by cps typing (Table 2 ). These non-typeable isolates may have mismatch 91 sequences in their primer sites or may be novel cps types that cross-react with known typing sera. 92
All PCR assays were repeated on three different occasions using representative strains/isolates 93 from all serotypes and non-typeable isolates to confirm the reproducibility, and the same results 94 were obtained (data not shown). The detection limit of the assays determined using reference 95 strains was 1-100 pg of purified DNA/reaction (equivalent to approximately 4 x 10 2 -10 4 copies of 96 chromosome), which was comparable to or slightly better than those of the reported method (9). 97 A total of 52 of the 126 non-typeable isolates by coagglutination tests (41.3%) could be 98 typed by cps typing ( Table 2) . Three of them (NL146, NL194 and NL290) had been confirmed to 99 be acapsular by transmission electron microscopy analysis (16). Furthermore, we found that they 100 had mutations in their cps2 gene clusters, but still retained the target genes (cps2I and cps2P) for 101 cps typing (16, unpublished data). Bacterial cells of these three isolates showed auto-agglutination, 102
and their antigens extracted by autoclaving did not react with any typing antisera (data not shown). 103
Many of the other 49 non-typeable isolates also showed similar characteristics (data not shown). 104
Thus, these isolates might also be acapsular due to mutations in the cps genes like NL146, NL194 105 and NL290, although we cannot rule out the possibility that some of them are encapsulated andhave different antigenicity from the strains of known 35 serotypes. Although CP was believed to 107 be essential for the virulence of S. suis (6, 17, 18), the biological significance of the acapsular 108 phase in the pathogenesis of S. suis infection has been proposed recently (16, 19). Many acapsular 109 S. suis isolates have been recovered from porcine cases of endocarditis (16). Therefore, the typing 110 methods developed are also considered to be useful for epidemiological studies of acapsular 111 strains by determining the genotypes of the cps gene clusters. 112
Some isolates were regarded as non-serotypeable in our validation tests due to 113 multi-agglutinating characteristics with several typing sera. Liu et al. (9) homologues. Therefore, this may also have occurred in our multi-agglutinating isolates, and novel 117 cps gene clusters may be generated. Furthermore, 74 isolates in this study could not be typed by 118 either serotyping or PCR-based cps typing. These isolates may be acapsular because of a large 119 deletion in the cps gene clusters including the target genes. Most of them had strong hydrophobic 120 and auto-agglutinating characteristics, strongly suggesting that they are non-encapsulated (12). 121
However, a few strains were weakly hydrophobic, implying that they have completely new cps 122 N-acetylneuraminic acid synthase gene; cps13O). However, the primers were designed not to detect this gene. e In addition to the internal control products, cps group III strains produced two cps gene products by the Grouping PCR (146 and 583 bp products), and the 146 bp product is common with cps group VI strains. f Serotype 17 reference strain has a homologue of target genes for cps-group III (putative N-acetylfucosamine synthase gene; cps17R). However, the primers were designed not to detect this gene. g All serotype reference strains in cps-group II also possess the homologues of target genes for cps group V (genes encoding putative initial sugar transferase of HG6). However, the primers were designed not to detect these strains. h Because the genes encoding putative initial sugar transferase of HG8 have sequence variations among serotype reference strains in groups III and VI, two primers were designed for each primer site to amplify the 146 bp products. Of note, all reference strains in groups III and VI could be detected only when the four primers were mixed, while every single primer pair (F1-R1, F1-R2, F2-R1, or F2-R2) couldn't detect some of the reference strains in groups III and VI.
